The aim of the present work is to provide information about Enterococcus strains isolated from traditional Turkish cheese samples in Ankara (Turkey), focusing on their prevalence, phenotypic and genotypic characteristics, and antibiotic resistance. A total of 213 probable enterococcal isolates isolated from 215 samples were identified by phenotypic and genotypic methods. As a result of 16S rDNA sequence analysis, 88 of the 213 enterococci strains were identified as Enterococcus faecium and 125 as Enterococcus faecalis. The E. faecalis strains (58.7%) were identified as the dominant species isolated from cheese samples in Turkey. The 213 Enterococcus strains were tested for susceptibility to 12 different antimicrobial agents. The resistance phenotype were as follow: nalidixic acid (100%), kanamycin (98.6%), rifampicin (78.4%), ampicillin (48.8%), ciprofloxacin (45.5%), erythromycin (18.8%), tetracycline (11.7%), penicillin G (5.6%), chloramphenicol (4.2%), gentamycin (3.8%) and streptomycin (1.4%). None of the strains was resistant to vancomycin. E. faecium strains showed more resistant phenotypes than E. faecalis strains as shown by the antibiotic resistance levels. It was also observed that the resistance of E. faecium and E. faecalis strains against the antibiotics was statistically significant (p ˂ 0.05). In total, 100% of E. faecium and 88.8% of E. faecalis strains were resistant to multiple drugs.
Introduction
Enterococcus was first determined as intestinal bacteria by Thiercelinin 1899. In 1906, Andrewes and Horder identified a potentially pathogenic bacterium isolated from a patient with endocarditis and renamed Thiercelin's enterococcias Streptococcus faecalis. [1] Scheleifer and Kilpper-Balz [2] supported that enterococci were reclassified into their own genus according to the DNA-DNA hybridization and 16S rRNA sequencing, and since then the genus has been valid. [3] So far, the genus Enterococcus were divided into 55 species and 2 subtypes based on 16S rRNA sequences. [4] Enterococci are an important part of lactic acid bacteria (LAB). Unlike most of the other LAB, European Food Safety Authority recommended that they are not recognized as safe in the qualified presumption of safety. [5] These organisms occur in soil, surface waters, insects, plants, gastrointestinal tract of human and warm-blooded animals. [1] Additionally, they are found in different food sources such as cheeses, meat, vegetables and olives. [6] Enterococcus faecium and Enterococcus faecalis are the most frequently isolated Enterococcus species in food industry. [7, 8] These bacteria can play a positive function in cheeses and meats as a starter or probiotic cultures. Enterococcus strains in dairy products have desirable metabolic traits because of their role of ripening and the development of flavour, probably by way of proteolysis, lipolysis, exopolysaccharide production and their diacetyl production by citrate metabolisms. [9] In addition to their technological properties, some enterococci, mainly E. faecalis and E. faecium, produced inhibitory substances called as bacteriocins that are capable of inhibiting the growth of food pathogens and spoilage microorganisms such as Listeria monocytogenes and Staphylococcus aureus including vegetative cells as well as spores. [10] On the other hand, the enterococci species caused nosocomial infections including endocarditis, bacteremia, biliary and urinary tract, central nervous system infections have also led to debates about the use of enterococcal strains as starter cultures. E. faecalis strains (80-90%) are the most prevalent Enterococcus species isolated from human infections, followed by E. faecium (5-20%). The remaining Enterococcus species infrequently cause infections. [11] Antibiotic resistance are wide-spread in enterococci isolated from foods including meat and dairy products. Increasingly resistance to multiple antibiotics in recent years has also been defined. A bacterial transfer of conjugative plasmids and transposons play an important role in the development of antibiotic resistance. [5] Dissemination of antimicrobial resistance genes is a major concern for public health worldwide. Food is frequently granted as a possible intermediate vector for transmission of antibiotic-resistant genes via enterococcal isolates from animal origin. [12] For the safety reason, an important criteria for the selection of starter cultures in foods is the absence of transferable antibiotic resistance in enterococci. [13] Enterococcus ssp. have intrinsic and acquired resistance to most of the antibiotics used in humans. [14] [15] [16] Therefore, treatment of enterococcal infections may be difficult. [10] Enterococci are described to be intrinsically resistant to β-lactam antibiotics, with penicillins (ampicillin, amoxicillin/clavulanic acid, penicillin G, methicillin, piperacillin), followed by carbapenems (imipenem) and cephalosporins (cefoperazone, ceftriaxone). Furthermore, enterococci can also acquire resistance to tetracyclines, quinolones, macrolides, erythromycin, streptogramins, polymixins, clindamycin and glycopeptides (vancomycin). [17, 18] The aim of the present work is to provide information about Enterococcus strains isolated from traditional cheeses produced in Turkey, focusing on prevalence, phenotypic and genotypic characteristics, and their antibiotic resistance.
Materials and methods

Materials
Sampling
A total of 215 traditional cheese samples were randomly purchased from various local bazaars and supermarkets in Ankara, Turkey. The analysed-cheeses consisted of hard, soft and semi-soft ripened cheeses (White, Kasar, Tulum, Ezine, Lor, Orgu and Civil). Samples were transported to the laboratory under cold conditions on the sampling day and processed immediately.
Bacterial strains and culturing
Enterococcal strains isolated in this study and references strains were propagated on Tryptic Soy Broth (TSB) (Merck, Germany) and Brain Hearth Infusion (BHI) Broth (Merck, Germany), respectively. They were grown at 37°C for 24 h. The initial isolates were kept at -20°C in 30% (v/v) aqueous glycerol (Merck, Germany). Three reference strains (E. faecalis ATCC 29212, Escherichia coli LMG3083 (ETEC) and S. aureus ATCC 6538) were obtained from the culture collection of Prokaryote Genetics Laboratory, Department of Biology, Faculty of Science, Ankara University.
Isolation of enterococci
For isolation of enterococci, 10 g of each sample was homogenized and added to 90 mL of ¼ ringer solution (Merck, Germany) andincubated for 10 min at room temperature to ensure complete homogenization. Then serial dilution of homogenates was prepared up to 10 −5 in 0.85% (w/v) NaCL (Merck, Germany) and 100 µL of each dilution was plated on the surface of plates containing Kanamycin Aesculin Azide (KAA) agar (Merck, Germany). The plates were incubated at 37°C for 18-48 h, and two typical colonies on KAA were picked randomly for further identification analysis (as detail below).
Phenotypic characterization
All Enterococcus isolates were subjected to identification according to standard biochemical tests and phenotypic description for identifying as enterococci. These tests were gram staining, catalase production, growth in TSB with 6.5% NaCL, growth at pH 9.6, esculin hydrolysis on Bile Esculin Azide Agar (Merck, Germany) and growth at 10°C-45°C. [9] Determination of hemolytic activity The hemolytic activity was determined on TSA containing 5% (w/v) sheep blood plates and kept at 37°C for 24-48 h, under anaerobic condition. [19] The zones around developing colonies formed on the bloody agar were examined. Clear zones around the colonies and green-hued zones were defined as β-hemolytic and α-hemolytic, respectively. No zones around the colonies were characterized as γ-hemolytic. Test was performed in duplicate. E. coli LMG3083 (ETEC) and S. aureus ATCC6538 were used as control bacteria in this study.
Genotypic characterization
The strains were identified by amplification and sequencing of the 16S rRNA gene. Primarily, genomic DNA from enterococcal and control strains were extracted from overnight TSB cultures as previously described. [20] DNA concentration and purity were evaluated spectrophotometrically by NanoDrop ND-2000 spectrofotometer (Thermo Scientific, USA). The DNA was stored at -20°C. Then, the PCR procedures used in this study have been described previously. [21] The pair of universal primers 907r (CCGTCAATTCMTTTRAGTTT) and 27f (AGAGTTTGATCMTGG CTCAG) proposed by Beasley and Saris [22] were used to amplify 16S rRNA gene. Briefly, each PCR assay was performed in a total volume of 50 μL reaction mixtures containing 3 μL bacterial DNA template, 34.75 μL RNase/DNase free water, 0.25 μL Taq DNA polymerase in reaction buffer, 1 μL 2 mM of each dNTP, 4 μL 25 mM MgCl 2 , 1 μL of each primers (forward and reverse) and 5 μL PCR buffer. PCR amplifications were applied in a ThermoCycler (Techne TC-512, Staffordshire, UK). The PCR were used (1) initial hold of 2 min at 95°C, (2) denaturation step at 95°C/45 s, annealing at 55°C/45 s, extension at 72°C/2 min and (3) final extension step at 72°C/7 min. The PCR products purified using a GeneJET PCR purification kit (Thermo Scientific, USA) were analyzed on 1% agarose gel electrophoresis, stained in ethidium bromide solution and visualized under UV. The size of amplified fragments was determined by comparison with an O'Gene Ruler TM 1000-bp DNA ladder (Thermo Scientific, USA). The sequence analysis results were compared with the 16S rRNA sequences in the National Center for Biotechnology Information (NCBI) database using the Basic Local Alignment Search Tool (BLAST) program.
Antimicrobial susceptibility testing
Antimicrobial susceptibility tests were applied to the 213 isolates by disk diffusion method on Mueller Hinton agar (Merck, Germany) with antibiotic disc according to the Clinical Laboratory Standards Instituteguidelines. [23] Twelve different antibiotics were used: penicillin G (10 µg/disc), kanamycin (30 µg/disc), ampicillin (10 µg/disc), rifampicin (5 µg/disc), chloramphenicol (30µg/disc), erythromycin (15 µg/disc), gentamycin (120 µg/disc), tetracycline (30 µg/disc), vancomycin (30 µg/disc), nalidixic acid (30 µg/disc), streptomycin (300 µg/disc) and ciprofloxacin (5 µg/disc). All antibiotic discs were obtained from Bioanalyse (Turkey). E. faecalis ATCC 29212 and S. aureus ATCC 6538 strains were used as positive controls. According to inhibition zone measured, the strains were categorized as suspectible, intermadiate or resistant by taking into account the criteria of the CLSI.
Statistical analysis SPSS 16 package program was used for statistical analysis. F (ANOVA, Analysis of Variance) was applied to determine the difference between the groups. The level of significance of differences between treatments was determined at p < 0.05.
Results and discussion
Isolation and identification of enterococci
From 215 traditional cheese samples, 213 (99.1%) probable enterococcal isolates were identified (data not shown). The isolation rate of Enterococcus strains in this study was quite high. This result was consistent with the results of previous studies, which reported that the percentage of positive samples of enterococci in dairy products was 72% in France, [5] 83.3% in Brazilian, [8] 93.3% in Egyptian, [10] 100% in Southern Brazil, [11] 94.6% in Spain [24] and 90% in Egyptian. [25] In previous studies in Turkey, [26] [27] [28] [29] the prevalence of enterococci in cheese samples was reported to range between 62% and 99%. Enterococci have been recognized as an essential part of the natural microbial floraina variety of cheeses made from raw and pasteurized milk, because of their resistant to unsuitable conditions such as high and low temperature, low pH, high salt concentrations. [5, 30] Enterococci likely result from the initial contamination of milk used for the cheese making, and also from the variety of the technological process. Moreover, enterococci are not all elimination by thermal treatments. Their levels depend on the extent of milk contamination, type of cheese, using the starter culture and the technology applied.
Morphological and cultural tests were applied to 213 enterococcal isolates. All of the isolates showed developmental characteristics at pH 9.6, 6.5% NaCL and 10-45°C. Fifty-two isolates were also identified as Gr (+), catalase (-) and esculin hydrolysis (+). Results of the phenotyping tests agreed with the previous studies of Gomes et al., [8] Rafaat et al., [10] Oladipo et al., [13] Lavova et al. [31] When tested for hemolytic activity, 11.3% (24 of 213) enterococcal strains showed β-hemolytic character. While 9.9% strains (21 of 52) exhibited γ-hemolytic character, other 78.8% strains (168 of 213) were α-hemolytic character (data not shown). In this study, higher frequency of α-hemolysin than β-hemolysin was observed, in agreement with Tuncer, [26] Barbosa et al. [32] and Ispirli et al. [33] We also found that β-hemolysin was most prevalent among E. faecium (66.7%, 16 of 24) when compared to E. faecalis (33.3%, 8 of 24). These findings were not similar to the results by Gomes et al., [8] who found that E. faecalis strains (38.7%) were dominant species to produce β-hemolysis. β-hemolytic isolates are unacceptable in foods and not desirable to use as a starter in the food fermentations. Nevertheless, it should not be forgotten that non-hemolytic Enterococcus spp. isolated from food may not be safe for starter cultures. [34] In this study, a total of 213 isolates were identified at species level by 16S rRNA sequence analysis (Figure 1) . Enterococcus strains were identified as, 88 E. faecium (41.3%) and 125 E. faecalis (58.7%). E. faecium and E. faecalis were most commonly isolated from cheeses. [3, 29] In our study, E. faecalis was identified as the dominant species. Our findings were in agreement with the results reported by Jamet et al., [5] Morandi et al., [7] Abouelnaga et al., [9] Nieto-Arribas et al., [24] Templer and Baumgartner. [35] There were same data that E. faecalis isolated from traditional cheeses and was the most frequently detected species in Turkey, as previously reported by Kürekçi et al., [27] Muş et al., [29] Toğay et al., [30] Çıtak et al. [36] In contrast to our findings, previous works [10, 11, 18, 25, 28, 34, 37] have reported that higher incidence of E. faecium strains was isolated from various cheese samples.
Antimicrobial susceptibility
Genetic determinants of resistance in enterococcal strains are generally located in conjugative plasmids or transposons, for the reason that antibiotic resistance in enterococci isolated from foods is a special concern. [8] The results of antibiotic susceptibility testing according to CLSI [23] in the present study is summarized in Table 1 . Analysis of the antimicrobial susceptibility of the 213 Enterococcus isolates revealed that resistance to nalidixic acid (100%), kanamycin (98.6%, 210 of 213) and rifampicin (78.4%, 167 of 213) were most frequent. Furthermore, resistance to ampicillin (48.8%, 104 of 213), ciprofloxacin (45.5%, 97 of 213), erythromycin (18.8%, 40 of 213) and tetracycline (11.7%, 25 of 213) was also observed, although at slightly lower levels. Additionally, low frequencies of resistance to penicillin G (5.6%, 12 of 213), chloramphenicol (4.2%, 9 of 213), gentamycin (3.8%, 8 of 213) and streptomycin (1.4%, 3 of 213) were detected. None of the analysed strains was resistant to vancomycin.
In 1988, it was first reported to vancomycin resistance enterococci (VRE) in European countries. After this date, VRE have been frequently isolated worldwide. The prevalence of VRE decreased markedly because of banning the use of avoparcin, an analogue of the glycopeptide vancomycin as a growth promoter in animal production, in 1997 in European countries and Turkey. [27] There was no enterococcal isolates found to be resistant to vancomycin in this study. This was in agreement with previous studies. [6, 28, 38] In contrast to our study, studies reported vancomycin resistance rates among enterococci from dairy products in Turkey ranging between 86.1% [36] and 84.8%. [39] These rates of vancomycin were considerably higher than our results. Enterococci have an intrinsically low resistance to β-lactam antibiotics (e.g. ampicillin and penicillin) because of their use in the treatment of enterococcal infections. [40] In our study, resistance to ampicillin (48.8%) was higher than it was to penicillin G (5.6%). In agreement with the Gaglio et al., [6] Pesavento et al., [17] Demirgül and Tuncer, [37] and Bulajic et al. [41] we detected low resistance to penicillin G. The incidence of ampicillin resistance was higher than that reported by Gaglio et al., [6] Rafaat et al., [10] and Yuksel et al. [39] Higher levels of ampicillin resistance in enterococci are achieved by increasing levels of penicillin-binding protein 5 (PBP5) expressions. [38] In our study, lower incidence of resistance to tetracycline (11.7%) was observed. This type of resistance is frequent in clinical and animal isolates of enterococci. Furthermore, it has largely been identified in clinical isolates. [6, 25] As opposed to our study, Jamet et al., [5] Raafat et al., [10] and Pesavento et al. [17] found a much higher incidence of resistance to tetracycline 92.4%, 35.3% and 53%, respectively. Of the 213 strains tested, only 9 strains of E. faecalis were resistant to chloramphenicol (4.2%). The use of chloramphenicol in animal husbandry was banned in 2002 in Turkey. [42] This forbidding probably caused the low resistance to this antibiotic in Turkey. The percentage of resistant to chloramphenicol we detected was much lower than those in Turkey reported by Çıtak et al. [36] and Yuksel et al., [39] who found 79.2% and 46.6%, respectively. Resistance to streptomycin (1.4%) and gentamycin (3.8%) were also observed in this work. Gentamycin and streptomycin have a synergistic effect when used together with a cell wall active agents. [43] Around 96.2% (205 of 213) of enterococcal isolates were susceptible to gentamycin, in accordance with 94.9% and 83.6% of susceptible isolates reported by Jamet et al. [5] and Bulajic et al. [41] In our study, 98.6% of the enterococcal isolates were resistance to kanamycin. This result was in agreement with Jamet et al., [5] Kürekçi et al. [27] and Yuksel et al., [39] who found 81%, 84.2% and 100%, respectively. The highest resistance was observed for nalidixic acid (100%) which is not surprising as most enterococci were reported to have intrinsic resistance to nalidixic acid. [43] The incidence of resistance to nalidixic acid in all enterococcal isolates was similar to that reported by Yuksel et al., [39] but higher than that reported by Furlaneto-Maia et al. [11] Rifampicin resistance is widespread in enterococci. It inhibits transcription of mRNA. [43] A high level resistance to rifampicin (78.4%) was noticed in this study. Our findings also indicated a higher incidence of resistant to ciprofloxacin (45.5%) whereas other reports obtained the opposite results.- [6, 10, 25, 27] Resistant to ciprofloxacin may be a result of the overwhelming use of antibiotics in human and veterinary medicine. [32] Multi-drug resistance defined as resistance to three or more antimicrobial agents was found in 70.90% (151of 213) of Enterococcus strains in this study. A summary of multiple drugs among the enterococcal strains was reported in Table 2 . As enterococci are naturally resistant to nalidixic acid, it was not used in the definition of multiple-drug resistance. Abouelnaga et al., [9] Rafaat et al., [10] Yüceer and Tuncer [44] detected the same results with 83%, 78% and 68% respectively. In contrast, lower incidence (24.59%) were found by Bulajic et al. [41] A total of 199 Enterococcus strains displayed resistance to at least two antibiotics (from 2 to 5 out of the 12 antibiotics tested). Of the 88 E. faecium strains (100%) showed resistant profile against three or more tested antibiotics. Out of 125 strains, 111 E. faecalis strains (88.8%) were resistant to them. Previous studies [8, 17, 27, 29, 39] indicated that E. faecalis strains showed more resistance phenotype than E. faecium. Our findings in this study are interesting that when the antibiotic resistance levels of the enterococcal species identified were compared; E. faecium strains showed more resistance phenotype than E. faecalis strains. Similar result was also reported by Furlaneto-Maia et al. [11] and Delpech et al. [18] The results of this study confirmed that the resistance of E. faecium and E. faecalis strains against antibiotics was found statistically significant (p ˂ 0.05).
Conclusion
This study focused on the isolation and identification of strains which belong to genus Enterococcus isolated from traditional cheeses retailed in Turkey and then to determine their antibiotic resistance. The results of this study indicated that E. faecalis was found to be the most frequently isolated species. Antibiotic resistance has been a growing concern for a number of years. Our results clearly showed that E. faecalis and E. faecium strains isolated from Turkish traditional cheese samples in Ankara could be considered a potential source for the dissemination of antibiotic resistance. In addition, the high prevalence of multi-drug resistance among Enterococcus species is a serious threat to public health. 2 antimicrobial  23  25  48  Resistance to 3 antimicrobial  42  21  63  Resistance to 4 antimicrobial  28  35  63  Resistance to 5 antimicrobial  18  7  25  Total  111  88  199 
